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ONG distance wireless communication of the future will be on a short wave directional basis. 
One has only to consider the extraordinary results that have been secured during a period which 


be no doubt. 


can but yet only be considered an experimental one. 
N the early hours of the morning of June 2 last, Mr, E. T. Fisk was seated at a radio receiver at his experimental 


station in Sydney and heard the spoken word as it was transmitted from .Poldhu, England. 
was effected on a power of 20 watts. 


Of this there can 


This transmission 


UT a few days ago the world was electrified with the news that English and New Zealand amateurs had suc- 
ceeded in both-ways radio transmission and reception on a power of about 100 watts and on wave-lengths of 90 


and 140 metres. 
HUS is it brought home to us 


the immense importance of short wave directional wireless communication, and 


in placing this first portion of Senator Marconi’s Paper before our readers, we do so with the assurance that it wil! 
prove of absorbing interest and, in the days to come, of no little historical value. 

THIS Paper, which was sent to us by Senator Mareeni and is exclusive to “Radio,” was read at a recent meeting 

of the Royal Society of Arts, London, of which the great inventor is himself a Vice-president, and was entitled, 

“Results obtained over very long distances by SHORT WAVE DIRECTIONAL WIRELESS TELEGRAPHY, more 

_ generally referred to as THE BEAM SYSTEM.” 


STUDY of short electri- 
cal waves dates from the 
time of the discovery of 
electrice waves themselves, 
that is, from the time of 
the classical experiments. of Hertz 
and his contemporaries, over thirty- 
five years ago; for Hertz used short 
electric waves in all his experiments 
when he conclusively proved that 
these waves obeyed the same laws as 
the waves of light in regard to speed 
of propagation, reflection, refraction 
and defraction, 


I might also, perhaps, recall the 
fact that when I first came to Eng- 
lang, over 28 years ago, I was able to 
show to the late Sir William Preece, 
then Engineer-in-Chief of the Post 
Office, the transmission and recep- 
tion of intelligible signals over a dis- 
tance of 1% miles of a beam system 
employing short waves and reflectors, 
whilst, curiously enough, by means 
of the antenna or elevated wire sys- 

tem I could only get signals, at that 
time, over a distance of half a mile. 


Many years afterwards, through 


the courtesy of the Post Office, I was 
favoured with a copy of the Official 


Senator Guglielmo Marconi, G.C.V.O., 
LL.D., D.Sc. 


Report of those early tests, which, 
from an historical point of view and. 


in regard also to latest developments, 
makes now most interesting reading. 


The progress subsequently made 
with the long wave system was, how- 
ever, So rapid, so comparatively easy 
and so spectacular that it diverted 
all research from the short waves, 
and this, I think, was regrettable, for 
it has only recently been discovered 
that these waves, which alone can be 
in practice confined in beams to defi- 
nite directions, are capable of results 
unobtainable by the use of the lower 
frequency system which, up to now, 
has held the field for long distance 
radio communication. 


The late Sir William Preece de- 
seribed my early tests at a meeting 
of the British Association for the Ad- 
vaneement of Science, in September, 
1896, and also at a lecture he deliv- 
ered before the Royal Institution in 
London on June 4, 1897. 

On March-3, 1899, I went into the 
matter more fully in a Paper I read 
before the Institution of Hlectrical 
Engineers, to which Paper I would 
recall your attention as being of some 
historical. interest. 
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-At that lecture I was able to show 
that it was possible, by means of short 
waves and reflectors, to project the 
rays in a beam in one direction only, 
instead of allowing them to spread 
all around, in such a way that they 
could not affect any receiver which 
happened to be out of the angle of 
propagation of the beam, and I de- 
scribed tests carried out before the 
Post Office Engineers at Salisbury 
Plains, pointing out the possibilities 
of such a system if applied to light- 
houses and lightships, in enabling ves- 


Fig. 1.—~-Spark Transmitter and Sheet 
Metal Reflector, 1896. 


sels in foggy weather to locate dan- 
gerous points around the coasts. 

I also showed results obtained by a 
reflected beam of waves projected 
across the lecture room, and how a 
telegraphic receiver could be acetu- 
ated or a bell rung only when the 
aperture of the sending reflector was 
directed towards the receiver. 

Since those early tests of over 
twenty-five years ago, and for a very 
long period of years afterwards, so 
far as I can ascertain, practically no 
research work was carried out, or at 
least published, in regard to the ap- 
plication of very short waves to radio 
communication. 

Research along these lines did not 
appear easy or promising; the use of 
reflectors of reasonable dimensions 
implied the use of waves of only a 
few metres in length which with the 
means then at our disposal were dif- 
ficult to produce, and up to a com- 
paratively recent time the power that 
could be radiated by them was small. 
This, and the supposed high atter.ua- 
tion of the waves over any distance of 
land or sea, gave results which ap- 
peared to be rather disappointing. . 

Some years ago, during the War, 
I could not help feeling that we had, 
perhaps, got into a rut by confining 
practically all our researches and 
tests to what may be termed long 


waves, that is, waves of some thou- 
sands of feet in length, especially as 
I remembered that during my early 
experiments, in 1895 and 1896, I had 
obtained promising results over short 
distances with waves not more than 
a few inches long. 

The investigation of the subject was 
therefore again taken up by me in 
Italy early in 1916, with the idea of 
utilising beams of reflected waves for 
certain war purposes, as I was greatly 
impressed with the advantages which 
such a system would afford in mini- 
mising tapping or interception by the 
enemy, besides greatiy reducing the 
possibility of interference with our 
own stations. 

At subsequent tests during that 
year and afterwards I was most valu- 
ably assisted by Mr. ©. S. Franklin. 

The Royal Italian Navy also gave 
me all possible facilities for the carry- 
ing out of my tests in Italy. 

Mr. Franklin since then followed 
up the subject with great thorough- 
ness, and results of his investigations 
were described by him in an admir- 
able paper read before the Institu- 
tion of Electrical Engineers on April 
8, 1922. 


At a lecture delivered by me before 
a joint meeting of the American In- 
stitute of Electrical Engineers and 
the Institute of Radio Engineers in 
New York, on June 20, 1922, in which 
I described the results obtained up to 
that time by Mr. Franklin and my- 
self, I felt I could not but express 
the opinion that it was most regret- 
table that the study of the character- 
istics and properties of short waves 
and their adaptability to directive 
methods had been so sadly neglected, 
and pointed out that very many im- 
portant problems in radio transmis- 
sion could only be solved by the use 
of the short wave directional system. 

The reflectors now used for this 
system are not- composed of solid 
sheets of metal, such as those employ- 
ed in the early tests of 1896, but of a 
comparatively small number of wires 
placed parallel to the antenna and 
spaced around it on a.parabolie curve 
of which the transmitting or receiving 
antenna constitutes -the focal line 
(Fig. 3), as it was soon ascertained 


‘that this was a much more practical 


arrangement, and that, moreover, 
much better results could be achieved. 


Suggestions for using reflectors of 


this kind were made by Brown, in 
1901, and by De Forest, in 1902, but 
many essential conditions necessary 
for efficiency were apparently not re- 
alised by these workers at that time, 
which probably explains why no ap- 
plication of their arrangements was 
made for practical purposes. 


Since 1916 various patents have 
been taken out by myself and Mr. C. 
S. Franklin, and in the latest of these 
Mr. Franklin describes an arrange- 
ment in which the antennae and 
reflective wires are arranged so 
as to constitute grids parallel 
to each other, the aerials or antennae 
being energised simultaneously from 
the transmitter at a number of feed- 
ing points through a special feeding 
system, so as to ensure that the phase 
of the oscillations in all the wires is 
the same. It has been proved by cal- 
culations confirmed by experiments 
that the directional effect of such an 
arrangement is a function of its 
dimensions relative to the wave- 
length employed. i 


During my tests:of 1916 I used a 
coupled spark transmitter and the 
receiver was a crystal receiver. The. 
reflectors employed were made of a 
number of wires tuned to the wave 
used, arranged on a cylindrical para- 
bolie curve with the aerial in the 
focal line. ae 

Reflectors with apertures up to 34 
wave-lengths were tested, and the 
measured polar curves agreed very 
well indeed with the calculated 
values. 


Fig. 2.—Coherer Receiver and Sheet Metal 
Reflector, 1898. 


The Italian experiments showed 
that good directional working could 
always be obtained with reflectors 
properly proportioned in respect to 
the wave-length employed, and with 
the apparatus then .available the 
range obtained was six miles, 
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The tests were continued in Wales 
at Carnarvon during 1917, and 
through the introduction of further 
improvements, with a wave-length of 
three metres, a range of over 20 miles 
was readily obtained when using a 
reflector at the transmitting end only. 


In 1919 further experiments were 
commenced in which Mr. Franklin 
succeeded in using electron tubes or 
valves for the generation of very 
short waves, the object. then being to 


Fig. 3.—Parabolic Vertical Wire Reflector, 
1923. 


evolve a directional radio-telephonic 
system. _ 

During further tests, and by utilis- 
ing a 15 metre wave, clear and strong 
speech was received in Kingston Har- 
bour, at a distance of 78 miles from 
Carnarvon. 

At a later date these tests were re- 
peated over a land range of 97 miles 
btween Hendon and Birmingham. The 
power supplied to the valves was ap. 
proximately 700 watts, and the speech 
received was strong and of good 

cuality. ; 

The- great value of the reflectors 

was demonstrated by average mea- 
surements made, which showed that 
the value of the energy received when 
both reflectors were used was 200 
times that of the energy that could be 
received without reflectors. 
- In April, May and June of last 
year a series of long distance tests 
was carried out under my direction 
between a small experimental trans- 
mitting station at Poldhu, in Corn- 
wall, and a receiver installed on the 
S.Y. Elettra. ve 

Mr. C. S. Franklin was responsible 
for most of the design and operation 
of the transmitting arrangements at 
Poldhu, and Mr. G..A. Mathieu was 


in charge of the receiving apparatus 
on the yacht, where I also was pre- 
sent during the whole of these tests. 


Mr. Mathieu was able to make some — 


valuable caleulatious based on the 
observed results, especially in regard 
to the absorption or attenuation of 
the waves brought about by sunlight. 

“The principal objectives of these 
tests were :— ; 

(1) To aseertain the reliability of 
signals transmitted on approximately 
a 100-metre wave over considerable 
distancès with or without the use of 
a transmitting reflector. 

(2) To investigate the conditions 
which affect. the propagation of short 
waves, and to ascertain the maximum 
reliable ranges obtainable by day and 


by night in respect to the power ‘and: 


wave-length employed at the sending 
station. 


(3) To investigate and determine 
the angle or spread of the beam of 
radiation when employing a transmit- 
ting reflector, especially with regard 
to the possibility of establishing long 
distance directional wireless services. 


During the tests carried out on the 
S.Y. Elettra, no receiving reflector 
could be employed, and it will there- 
fore appear obvious that the strength 
of the received signals and the ranges 
covered must have been considerably 
less.than could have been obtained 
had it been possible to use a fixed re- 
ceiving station equipped with a suit- 
able reflector, 
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(3) That any considerable amount 


of intervening land -or mountains 


very seriously reduces the distance at 
which it is possible to communicate. 

The tests carried out between 
Poldhu and the Hlettra proved by the 
definite results obtained that the 
abovementioned impressions oF con- 
clusions must be erroneous, at least in 
so far as they may concern waves of 
about 100 metres long, for we ob- 
served :— p 

(1) That the day ranges proved to 
be reliable and not inconsiderable. 


(2) That the night ranges were 
much greater than anyone, myself 
included, had anticipated, and no 
doubt very considerably exceeded the 
maximum distance to which I was 
able to proceed with the Elettra. 


(3) That intervening land and 
large portions of continents, do not 
present any serious obstacle to the 
propagation of these waves. 


In carrying out these tests we dis- 
covered that it is by no means correct 
in dealing with these waves to refer 
to distances covered during daylight 
as day-ranges, as the strength of the 
signals which can be received during 
the hours of daylight varies definitely 
and regularly in accordance with the 
mean altitude of the sun over the 
space or region intervening between 


-the two stations. 


This discovery, based on the observ- 
ed results, makes it safe to infer that 


Fig. 4.—Vertical Wire Flat Transmitting Aerial and Reflector, 1924. 


` Up to the present time the general 
impression prevailing amongst most 
technical experts in regard to the be- 
haviour of short waves is :— 

(1) That their range during the 
day time is variable and short. 

(2) That the night ranges are ex- 
ceedingly variable and freaky, . and 
altogether too unreliable to allow of 
the carrying out of commercial work. 


our tests, which took place mainly 
during the months of May and June, 
and partly within the tropics, were 
carried out at the most unfavourable 
time of the year for daylight trans- 
mission (as the sun reaches its mazi- 
mum altitudes during June in the 
Northern Hemisphere) and over what 
is a most diffieult region. 


(To be continued.) 


